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I.  Introduction, 

A.  The  Canada  Balsam  Fir. 

The  Abies  Canadensis  is  the  common  balsam  fir  of  north- 
ern Maine,  Minnesota  and  the  region  north  to  the  Hudson  Bay,  It 
is  also  found  on  the  eastern  slopes  of  the  Rocky  Mountains  of 
British  America,  in  New  Brunswick,  Nova  Scotia  and  Newfoundland. 
The  trunk  of  the  tree  is  smooth,  dark  grayish- brown,  with  numer- 
ous blisters  in  the  bark  which  show  from  the  outside.    These  blis- 
ters contain  the  clear  balsam  which  is  collected  by  piercing  the 
blisters  one  by  one  with  the  sharpened  lip  of  an  iron  cup,  and  by 
allowing  the  liquid  to  flow  into  this  cup.     It  is  then  filtered 
and  sent  to  the  market.    The  gathering  is  a  very  tedious  process, 
and  is  done  only  by  the  Indians  and  the  poorest  classes  of  people. 

A  large  balsam  tree,  rich  in  gum,  will  yield  one-half 
to  one  pound  of  balsam.     A  man  working  alone  can  gather  only  about 
one-half  to  one  gallon  of  balsam  a  day.     It  cannot  be  gathered 
when  it  rains,  or  even  shortly  after  a  rain,  because  drops  of 
water,  mixing  in  with  the  gum,  make  it  milky,  in  which  condition 
it  cannot  be  sold.    The  balsam  is  collected  only  between  the  mid- 
dle of  June  and  the  middle  of  August.    A  tree  should  not  be  pierced 
more  than  two  consecutive  years;  it  then  requires  from  two  to  three 
years  of  rest.    Regardless  of  this  precaution,  however,  the  tree 
never  again  yields  as  much  balsam  as  the  first  year  of  its  tapping. 

B.  History. 

The  first  mention  of  the  American  Canada  Balsam  was  made 
in  1606-1607  by  Marc  Leo  Carbot,  who  was  traveling  in  Canada.  He 
said  it  was  as  beautiful  as  the  French  Pine  trees.    Boucher  stated 
in  his  Histoire  of  France  that  in  1663  it  was  found  that  the 
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Balsam  Fir  in  Canada  resembles  the  pines  of  Prance,  the  difference 
being  that  the  blisters  of  the  bark  contain  an  aromatic,  gummy  sub- 
stance, which  had  the  property  of  assisting  in  the  healing  of 
wounds.     Canada  Balsam  was  not  sent  to  Europe  until  about  1800,  and 
a  few  years  later  was  recommended  as  a  medicine  which  could  be  taken 
internally. 

Canada  Balsam  was  first  analyzed  by  Bonastre  (1825)  who 
found  18.6$  etherial  oil,  46%  alcohol  soluble  resin,  some  bitter 
extractives,  and  traces  of  acetic  acid. 

Cailliot  stated  that  a  crystalline  substance  could  be  ob- 
tained from  the  Canada  Balsam  Terpentine,  but  Pluckiger  disagreed 
with  the  above,  and  said  that  he  had  found  by  experiment  that  the 
Canada  Balsam  contained  no  crystalline  resin. 

C.     The  Raw  Material. 

The  balsam  is  a  clear,  light  greenish- yellow  in  color 
and  is  slightly  fluorescent.     It  has  a  bitter  taste,  and  a  pleasant 
aromatic  odor.     It  was  obtained  from  the  bark  which  had  been 
stripped  from  the  trunk  of  the  tree.     This  bark  had  been  left  for 
some  five  years  in  the  bottom  of  a  cupboard  untouched.     The  outer 
portion  of  the  bark  had  become  very  dry,  but  on  breaking  it  into 
pieces  it  was  found  to  contain  a  great  many  very  small  cells,  each 
filled  with  the  balsam  in  its  normal  fluid  state. 

II.     THE  PROBLEM. 


The  object  of  the  experimental  work  was  to  attempt  the 
separation  and  analysis  of  the  ether  soluble  extractives  of  the 
Canada  Balsam  bark  by  means  of  fractional  crystallization. 


III.  EXPERIMENTAL 


A.     Petroleum  Ether  (30  -50  )  Extraction. 

In  order  to  obtain  as  much  extractive  as  possible 
before  grinding,  the  bark  was  broken  into  pieces  about  one 
inch  square,  and  placed  into  a  large  Soxlet  extractor.  The 
inner  tube  was  not  used,  but  instead  the  hole  at  the  bottom 
was  plugged  with  glass  wool.     Petroleum  ether  was  used  as  a 
solvent.    The  extraction  was  continued  over  steam  for  one  to 
three  days.    The  solution  was  then  concentrated  over  steam  to 
about  30  c.  c.  and  set  aside  as  a  clear  yellow  liquid  in  an 
attempt  to  induce  crystallization.     No  crystals  were  obtained, 
even  though  the  process  was  repeated  four  successive  times. 

An  attempt  was  then  made  to  obtain  the  crystals  by 
extracting  first  with  ethyl  ether,  evaporating  the  excess 
ether  to  concentrate,   and  then  taking  up  with  petroleum  ether. 
But  on  adding  the  petroleum  ether  the  solution  became  cloudy, 
a  brown  oil  separated  out  and  settled  to  the  bottom.  No 
crystals  were  obtained. 

During  the  experimental  work  an  extraction  of  about 
800  c.c.  ether  from  about  90-100  grams  of  bark  was  set  aside, 
to  be  later  combined  with  other  extractions.     It  stood  at  room 
temperature  for  about  5  weeks.     On  pouring  out  the  liquid,  it 
was  found  that  a  substance  had  settled  out  which  closely 
resembled  a  very  fine  yellow  powder.     'This  was  dissolved  in 
warm  alcohol  to  recrystallize.     On  cooling  in  an  ice  bath, 
however,  only  an  extremely  small  portion  of  very  fine  crystals 
were  obtained.    They  were  placed  under  a  microscope  and  were 
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found  to  be  very  irregular  In  shape.     There  was  too  small  a 
portion  for  a  melting  point.     In  an  effort  to  regain  the  crys- 
tals which  had  come  down  out  of  the  original  extract,  all 
possible  combinations  of  ether,  petroleum  ether,  alcohol  and 
water  in  varying  concentrations  were  used,  but  all  without 
result.     It  was  finally  carefully  evaporated  to  dryness  in  a 
dessicator;  all  that  remained  was  a  clear,  solid  residue,  which 
was  dry  but  non-crystalline.    The  compound  had  passed  into  the 
amorphous  state,  due  to  exposure  to  the  air. 

B.  Ethyl  Ether  Extraction. 

The  pure  ether  extraction  gave  no  crystalline  precip- 
itate, so  the  ether  was  evaporated  and  the  residue  was  saponified 
with  alcoholic  potassium  hydroxide.     It  was  refluxed  for  about 
five  hours.    The  alcohol  was  then  carefully  distilled,  and  the 
residue  diluted  with  five  to  ten  times  its  volume  of  water. 
This  solution  was  then  repeatedly  extracted  with  portions  of 
ether  until  all  of  the  alcohol  or  unsaponif iable  fraction  was 
removed.    The  remaining  solution  was  then  acidified  with  con- 
centrated hydrochloric  acid,  and  again  extracted  with  ether. 
This  gave  the  acid  fraction. 

1.  The  alcohol  fraction. 

This  fraction  was  in  each  case  lighter  in  color 
than  the  acid  fraction,  due  perhaps  to  being  less  concen- 
trated than  the  latter.    The  ether  was  boiled  off  carefully 
and  the  residue  was  fluxed  with  acetic  anhydride.  An  excess 
of  water  was  added  to  remove  the  excess  acetic  anhydride. 


The  acetyl  derivative  separated  in  an  oily  layer  which  could 
be  separated  from  the  acid  water  mixture.    The  writer 
attempted  to  crystallize  these  derivatives  from  water,  al- 
cohol, ether,  petroleum  ether  and  mixtures  of  the  above,  at 
room  temperature,  and  at  freezing.     The  mixtures  were 
allowed  to  stand  a  week,  but  no  crystals  appeared. 

The  above  process  was  repeated  with  benzoyl  chlor- 
ide and  nitrobenzoyl  chloride.     In  the  first  case,  the  deri- 
vative was  neutralized  with  sodium  carbonate  to  remove  the 
excess  chloride.     The  liquids  were  separated,   and  the  deri- 
vative was  dried.  But  the  white,  shining,  needle- like 
crystals  which  were  obtained  were  identified  to  be  benzoic 
acid.     The  process  was  repeated  two  more  times,  but  no 
crystals  were  obtained.     In  the  case  of  the  nitro-benzoyl 
derivative,  a  precipitate  came  down  which  was  filtered  and 
dissolved  in  hot  alcohol.     On  cooling  in  ice,  very  tiny 
white  crystals  were  obtained,  which  were  filtered  through 
a  runnel  packed  in  ice  and  recrystallized.    The  crystals 
were  so  few,  and  had  a  tendency  to  be  so  sticky,  that  even 
though  they  were  left  in  a  vacuum  dessicator  for  several 
days,  it  was  impossible  to  place  them  in  a  capillary  tube 
for  a  determination  of  the  melting  point. 

The  above  determinations  were  carried  out  on 
separate  extractions  of  about  80-100  grams  of  bark. 

It  was  then  thought  that  not  enough  of  the  sub- 
stances were  present  in  such  extractions,  so  four  of  them 
were  combined.     In  this  case,  when  the  alcohol  fraction 
stood  for  about  two  days,  a  white  crystalline  substance 
came  down  v/hich  was  recrystallized  from  alcohol.  There  was 


an  extremely  small  quantity,  and  only  one  melting  point 
determination  could  be  made. 

m.  pt.  —65-67 
The  filtrate  from  the  above  crystals  was  acetylated  by  re- 
fluxing  for  four  hours  with  20  c.c.  acetic  anhydride.  The 
derivatives  were  then  poured  in  a  large  volume  of  boiling 
water  to  remove  the  excess  anhydride.  The  derivatives 
floated  on  top,  as  an  oil.    The  water  and  acetic  acid  siph- 
oned off  and  the  oil  was  poured  into  more  boiling  water. 
This  was  repeated  until  the  water  was  no  longer  acid.  Part 
of  the  oil  was  taken  up  with  alcohol  and  set  aside  to  crys- 
tallize.    No  crystals  were  obtained. 

The  remainder  was  fractionated.    The  fractions 
which  were  vaporized,  though  boiling  at  comparatively  low 
temperature,  were  extremely  heavy.     They  could  be  drawn  over 
into  the  condenser  only  by  applying  a  slight  suction.  The 
white  fumes  condensed  as  an  oil.     The  boiling  liquid    had  a 
great  tendency  to  froth,  so  the  fractions  could  not  be  dis- 
tilled under  diminished  pressure.     The  writer  then  attempted 
to  heat  the  flask  by  means  of  an  oil  bath,  to  a  temperature 
of  360  ;  and  owing  to  the  fact  that  there  was  no  frothing, 
a  suction  was  applied  to  a  vacuum  of  about  20  mils.  No 
vapors  condensed.     When  the  vacuum  was  broken  however,  the 
same  type  of  oil  vaporized  and  condensed  as  before.  The 
writer  therefore  concluded  that  the  oil  which  was  condensed 
was  merely  one  or  a  mixture  of  oxidation  product,  which  in 
the  present  investigation*  were  of  no  value. 

2.  The  acid  fraction. 

The  mean  molecular  weight  of  the  flm,iR  vmo 
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mined  as  follows: 

The  ether  acid  fraction  was  extracted  with  a 
potassium  hydroxide  solution  until  all  the  acids  were  re- 
moved.    The  alkaline  solution  was  then  acidified  with  con- 
centrated hydrochloric  acid  and  the  acids  were  shaken  out 
again  with  ether.     This  was  merely  a  means  of  purification. 

The  ether  was  carefully  evaporated  in  a  vacuum 
dessicator  in  a  weighed  beaker.     If  any  potassium  chloride 
crystallized  out,  the  acids  were  extracted  with  anhydrous 
ether,  in  order  to  remove  the  salt,   and  again  evaporated 
in  a  weighed  beaker.     The  dried  residues  were  weighed,  and 
dissolved  in  neutral  alcohol.     These  solutions  were  titrated 
with  standard  alkali,  using  phenolphthalein  as  an  indicator. 


Results 


Jlf eight  dry  : 

acids 

cc  .0998  N 

NaOH 

:     cc  N  NaOH 

Mean  molecu- 
lar weight 

1.1815  : 

38.55 

:         3.847  ; 

3C7.1 

1.1394  : 

37.75 

:         3.767  : 

30^.4 

1.3044  : 

42.50 

:         4.242  : 

30  7.4 

Zinc  and  Silver  salts. 

A  concentrated  acid  fraction  was  carefully  heated 
to  evaporate  the  ether.     A  large  volume  of  very  dilute  sodium 
hydroxide  was  added  after  which  the  mixture  was  neutralized 
with  acetic  acid,  using  phenolphthalein  as  an  indicator. 
About  3  grams  of  sodium  acetate  was  added  and  the  solution 
was  divided  into  two  parts. 
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Part  I. 

To  the  neutral  solution,  zinc  acetate  was  added 
until  the  zinc  was  completely  precipitated.     The  precipi- 
tate was  filtered  and  washed  with  cold  water.     The  precipi- 
tate was  insoluble  in  hot  or  cold  water,  but  was  found  to 
be  soluble  in  a  hot  mixture  of  alcohol  and  water.  However 
the  precipitate  remained  in  solution  on  cooling. 

The  process  was  repeated  and  the  precipitate  was 
purified  by  decomposing  it  in  a  water  suspension,  with  sul- 
phuric acid,  in  the  presence  of  ether.     The  ether  extracted 
the  acids  which  were  being  set  free  by  the  sulfuric  acid. 
The  ether  was  evaporated,  and  the  residue  was  taken  up  with 
dilute  sodium  hydroxide  and  neutralized  with  acetic  acid 
as  above.     Zinc  acetate  was  again  added  and  the  precipitate 
filtered  and  washed.     The  zinc  salt  was  dried  in  weighed 
crucibles  in  an  oven  at  about  100  .     After  again  weighing 
the  precipitate  was  carefully  ignited  to  drive  off  the 
gases  and  burn  the  carbon.     The  zinc  was  then  ignited  to 
the  oxide  over  a  Meker  burner  for  about  fifteen  minutes. 
From  the  weight  of  zinc  oxide  obtained  the  percentage  of 
zinc  was  calculated  in  the  zinc  salt. 
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Results 


wt.  crucible: 

crucible  &  ppt . : 

ppt. 

:  ZnO 

 •  fo 

I 

9.7365  : 

10.6059  : 

.8694 

:  .1530 

:  14.13 

II 

9.4949  : 

10.4480  : 

.9531 

i  .1636 

:  13.79 

III 

9.6215  : 

10.7438  : 

1.1223 

:   . 2030 

:  14.53 

IV 

9.8941  : 

10.9223  : 

1.0282 

:  .1818 

:  14.20 

Part  II. 

The  second  part  was  treated  as  above,  using  silver 
acetate.     The  precipitate  was  found  to  be  partially  soluble 
in  hot  water,  but  could  not  be  recovered  on  cooling.  When 
the  boiling  water  was  poured  on  the  gelatinous  silver  salt 
a  hard,  brittle  ball  remained  in  the  funnel.     It  was  insolu- 
ble in  alcohol,  or  mixtures  of  alcohol  and  water.  This 
precipitate  was  decomposed  in  an  aqueous  suspension  with 
concentrated  hydrochloric  acid  in  the  presence  of  ether. 
The  ether  was  evaporated  and  the  silver  salt  reprecipitated 
as  above.     This  precipitate  was  directly  ignited  to  metallic 
silver,  and  determined  as  such. 

Results 

wt.  crucible:  crucible:  wt.  ppt.:  crucible:     wt.  Ag.:  % 
and  ppt.  and  Ag. 

9.8940        :  10.0781  :     .1841     :  9.9157     :     .6217     :  11.8$ 

9.4948        :     9.6652  :     .1704     :  9.5150     :     .0202     :  11.84 

9.4935        :     9.6075   :     .1142     :  9.5073     :     .0140     :  12.21 
9.R907         •   in  onff^  .      ,n«7ft     ,   o  o^o     .       nns  ^12^43^ 
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3. Acid  Separation  by  means  of  Alkaline  Extractions. 

The  writer  attempted  to  separate  the  acids  from  the  acid 
fraction  after  saponification,  by  means  of  extraction  with  alkalies 
of  varying  strengths,  ranging  from  the  weak  ammonium  carbonate  to 
the  strong  sodium  hydroxide.     'J-his  was  done  as  follows: 

The  ether  was  evaporated  from  the  purified  acid  fraction 
and  the  acids  weighed.     They  were  then  taken  up  with  ether, 
and  repeatedly  extracted  with  1.8%  ammonium  carbonate.     Nine  ex- 
tractions were  necessary.     'i'he  separated  ether  layer  was  heated  to 
evaporate  the  ether,    and  the  remaining  acids  were  weighed.  They 
were  again  taken  up  with  ether,  extracted  with  2%  sodium  hydroxide. 

Results 

Weight        :  % 
(NH4)2  C03  extract  39<0  ^        —  Q 

Na2C03               "                                              23.8  36.5 

NaOH                   "                                                1.3  2.0 

Residue                                                            1.1  1.7 

TOTAL                                        -  -  -  65.2  gr  100$ 
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Tschirch  reported  that  ammonium  carbonate  removed  50% 
of  the  acids  and  sodium  carbonate  removed  the  remaining  50$. 


SUMMARY. 

1.  Repeated  attempts  to  isolate  crystalline  compounds  from 
Canada  Balsam  were  unsuccessful  except  in  one  instance,  the  con- 
dition of  which  could  not  be  duplicated. 

2.  A  considerable  amount  of  unsaponif iable  material  was 
obtained  from  the  balsam,  but  attempts  to  separate  it  by  fraction- 
al distillation  resulted  only  in  its  decomposition. 

3.  The  mean  molecular  weight  of  the  acid  fraction  has  been 
determined  by  titration  methods. 

4.  Zinc  and  silver  salts  of  the  acid  fraction  have  been 
prepared  and  their  metal  content  determined. 

5.  The  acid  fraction  has  been  separated  into  a  number  of 
subfractions  of  varying  degrees  of  acidity,  the  percentages  of 
which  are  given. 
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